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Alphasat in Ariane 5 fairing.
(Photo: ESA)
Alphasat wireframe model (deployed).
(Photo: ESA)
Motivation & Goals
Experiment Goals
• To assess the impact of atmospheric effects on links operating in the Q-band (rain
attenuation, scintillation, etc.) in various climatological regions through distributed
measurement campaigns.
• To assist the development of physical models to improve predictions of atmospheric
attenuation within the Q-band.
NASA Motivation
• Preliminary architecture studies of the next generation TDRSS system will require higher
downlink bandwidths than available in the current Ku-band allocation
• The allocation of 4 GHz of contiguous bandwidth in the Q-band provides an opportunity to
meet these requirements
3
Launch of Alphasat on an Ariane 5, July 2013.
(Photo: ESA / CNES / ARIANESPACE)
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NASA Spectrum Allocations:
I 
Edinburgh (2016)
Milan (2014)
Madrid (2017)
Andøya (TBD, 2018)
Site of Study
4Beacon Receiver atop the HWU Earl Mountbatten BuildingNASA Alphasat Stations
N
Heriot-Watt University
Edinburgh, Scotland, UK
55.9123° N, 3.3223° E
Rainfall: 668 mm / year
Avg. Humidity: 80%
Edinburgh, UK
Ground
Station
Installation Date March 2016
Latitude 55.9123° N
Longitude 3.3223° E
Altitude 130 m
Satellite
Name Alphasat
Orbital Position 24.8E
Orbital Inclination 0 - 3°
Nom. Elevation 21.5°
Nom. Azimuth 147.2°
LNB Skew -17.7°↺
Beacon Freqs. 39.402 GHz
40 GHz Beacon Receiver
42°
Weather Station
Path to 
Alphasat
• _.,,:--
alphasat 
Beacon Receiver Design
5
Downconversion from 39.402 GHz to 5 MHz occurs directly at the feed in 3 stages (39.402 GHz to 20.199 GHz to 70 MHz to 5 MHz)
within a temperature controlled enclosure. All oscillators are referenced to a common, ultra-stable 10 MHz reference, and the RF
electronics are mounted to a temperature controlled cold-plate that is stable within ±0.01°C. The 5 MHz output of the receiver is run a
short distance (< 30m) over shielded coaxial cable to the digitizer and data acquisition terminal.
Antenna Gain 45.6 dBi
Antenna Beamwidth 0.9 deg
Antenna Tracking Resolution 0.01°
LNA Gain 35 dB
LNA Noise Figure 5 dB
Beacon Frequencies 39.402 GHz
Final IF Frequency 5 MHz
Measurement Rates 10 Hz and 1 Hz
Dynamic Range 35 dB
Temperature Control 0.01 °C (plate) / 0.1 °C (LNA) / 2 °C (air)
Weather Station Campbell Scientific
Rain Gauge Tipping Bucket
LNA
+35 dB
5 dB NF
Cernex CNL
0.6m Cassegrain Reflector
RF Enclosure Q-Band RF 
39.402 GHz 
~ 
rl'-C 
BPF 
20.2 GHz 
K&L SWG-201900 
SNSG351-1 
~ 
rl'-C 
MleqDB!M211LW 1 BPF 
70 MHz 
K&l3C20-70 
SN, 
Allen . 
~dB 
~ 
LPF 
10GHz 
k&.6l250 
SN,O 
Split. 
-3 dB 
IF Amp. 
+25 dB 
Mini.Ottitl ZFl-500LN+ 
SF233101211 
Allen. 
-6dB 
Allen. 
-6dB 
IF Amp. 
+25dB 
Mini-OieuhZFL-600..N+ 
SF233101211 
Reference 
10 MHz 
+19 dBm 
Wa,Zfll501-2,4 015S 
SN205<11AOOJ 
~ 
rl'-C 
BPF 
70 MHz 
Ltn.XMC70 
28000-03 
~ 
rl'-C 
Mni-0,a.,b ZFM-.J-S~ BPF SN595501527 
5 MHz 
TTE KC5-5M-1M 
M-4 715 
ADC 
NI PCl-5124 
l7CH1 ..._fs_=_ 1_.1_1 _1 _M_H_z__. 
~-N=2
17 
6Digital radiometer implementation:
Noise Power - The full bandwidth output from the final-
stage filter is Nyquist sampled to obtain the noise power
measurement. A digital notch filter is applied, centered on a
moving average of past beacon frequency estimates, to
remove the signal power. The remaining noise power is then
integrated to produce the noise power measurement.
Signal Power - The signal power is obtained by applying a
digital band-pass sampling around the beacon frequency,
then decimating to reduce the computational demand of the
FFT / frequency estimators used to estimate signal power.
Digital Radiometer Implementation
Nyquist Sampled Spectrum
(fs/2 = 1.55 MHz)
Noise Power Spectrum
Notch Filter @ Beacon Frequency →
Integrate Noise Power
Signal Spectrum
BPF @ Beacon Frequency →
Decimate / Undersample →
Estimate Frequency (QNF) → 
Calculate Signal Power
fs 3.1 MHz
N 217 (113,072)
Decimation 25 (32)
BPF Bandwidth 50 kHz
Notch Bandwidth 0.5 kHz
I \ 
Signal Tracking and Radiometric Measurement
To the left is a timeseries example of a heavy attenuation
event in on 2017-11-16, demonstrating the full dynamic range
of the receiver, the noise power measurement and its inverse
correlation with the beacon power, and the brief loss of lock
on the beacon during the deepest portion of the fade.
Under normal operating conditions, the Q-band receivers
tracks the beacon signal utilizing a modified Quinn-Fernandes
frequency estimator.
When attenuation exceeds 30 dB on the Q-band channel, the
receiver narrows in on a small bandwidth centered around an
average of the frequency estimate over the last two minutes
prior to the fade. This reduces the impact of noise in low SNR
conditions.
Eventually, for deep rain fades, the attenuation exceeds the
dynamic range of the system and the noise floor of the
receiver is reached. Signal lock is immediately regained when
the signal reappears above the noise floor.
Digital Radiometric Measurement
Frequency Estimate
Loss of Lock
Tracking Threshold
Calibrated Signal Power
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January 2.4 4.3 9.4
February 2.9 4.5 9.8
March 3.5 5.6 12.5
April 3.7 5.9 11.5
May 2.9 6.0 14.6
June 6.1 9.1 21.1
July 4.0 7.6 19.7
August 3.6 8.4 25.9
September 3.5 7.1 13.8
October 3.2 5.9 10.2
November 2.5 5.2 8.2
December 2.8 4.4 9.1
A
n
n
u
al
2016 3.1 5.7 11.3
2017 3.2 6.5 13.2
2018 3.2 5.4 11.5
Total 3.2 5.9 12.1
99.0%
99.9%
95.0%
Annual and Monthly Statistics
For 95%, 99%, and 99.9%
availabilities, the associated link
margins were 3.2 dB, 5.9 dB, and
12.1 dB respectively.
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Annual Statistics
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Monthly Statistics
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Average Attenuation by Year for Cited Availability 
Edinburgh , UK (2016 - 2018) 
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Edinburgh Rain Rate
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As seen in the previous CCDFs, the ITU-R model seems to overpredict as compared to the data. It is postulated that this is due to an overprediction of rain
rate within the model. While Edinburgh experiences precipitation very frequently, it tends to be rain of very low rain rates (< 20 mm/hr) and higher rain
rates are much more rarely observed. When the ITU-R P.837-7 rain maps are interpolated for Edinburgh, a 0.01% rain rate of R0.01 = 45.0 mm/hr is calculated.
Meanwhile, data analyzed from the HWU tipping bucket suggests a much lower R0.01 of 19 mm/hr due to a lack of high rain rate observations. When this
lower rate is incorporated, agreement between the model and data is better, although there is still a notable overprediction. On the monthly plots, it can be
observed that the model shows reasonable agreement with the rainier months (June, July, August, September), but still tends to overpredict as compared to
the average and particularly as to the drier months (November, December, January, February).
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R0.01% ≈ 15.6 mm/hr
Edinburgh Tipping Bucket
2016 - 2018
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CCDF Noise Floor Tail
0 5 10 15 20 25 30 35 40 45 50 55 60 65
0.01
0.1
1
10
100
Noise Floor Values Included in CCDF
Noise Floor Values Excluded from CCDF
Noise Floor Values Reassigned to +inf
Alphasat Milan Q-band Attenuation CCDF [2017-09-01]
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Omitting data at the noise floor distorts the 
statistics of the entire CCDF.
Including noise floor data creates a fictitious tail which 
represents the noise floor of the receiver as opposed 
to true atmospheric conditions, but does not affect the 
rest of the statistics. 
Reassigning noise floor values to +∞ removes the 
tail without affecting the rest of the statistics. 
Example CCDF [2017-09-01]
For this example, data at noise floor of the receiver represents 
10 minutes out of 24 hours observed (0.7%), while clear-sky 
data (<5dB attenuation) represents 20 of 24 hours (83.3%).
If the noise floor data is omitted from the data set, the clear-sky 
statistic is distorted to 20 out of 23.8 hours (84%), which should 
be avoided.
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Fade Slope and Fade Duration Statistics
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Fade Threshold
Fade Duration
Fade Slope Fade Slope
Fade Duration is defined as the length of time that the attenuation exceeds a given
fade threshold after a 30-second moving average is applied to the data.
Fade duration statistics are normalized to the number of fades exceeding that
duration. For example, 10% of fades exceeding 3 dB lasted longer than 15 minutes.
Likewise 10% of fades exceeding 10 dB also lasted longer than 15 minutes. However
there were far less fades exceeding 10 dB than 3 dB.
Fade Slope is calculated by locating the points at which the attenuation crosses the
cited threshold and calculating the difference between attenuation 5 seconds prior
and 5 seconds after, divided by 10 to yield fade slope in dB/sec. As with fade
duration, a 30 second moving average is applied to low-pass filter the data.
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Concluding Remarks
Conclusions & Future Work:
• NASA’s Edinburgh Alphasat Station has operated reliably since March 2016 and was recently upgraded with Ka-
band measurement capability in June 2018.
• Data collection is expected to continue for a minimum of five years and/or through remainder of Alphasat
TDP#5 propagation experiment.
• Collected attenuation and scintillation data is used to validate and update propagation models, as well as to
contribute to ITU databanks at higher frequencies.
• Observed over-prediction of the ITU-R model may be due to discrepancies in the assumptions about the impact
of rain in Edinburgh and requires further investigation.
• The digital radiometer measurement integrated into the receiver provides valuable clear sky reference level
which may be referenced to local radiometer.
• Future work will also validate the digital radiometer approach with water vapor radiometer data for derivation
of clear sky reference level. 12
Thank you!
Appendix Charts
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Contact Information
James Nessel
Principal Investigator, RF Propagation Task
216.433.2546
james.a.nessel@nasa.gov
Michael Zemba
Co Investigator, RF Propagation Task
216.433.5357
michael.j.zemba@nasa.gov
Peter Schemmel
Researcher
216.433.6677
peter.j.schemmel@nasa.gov
Cameron Seidl
Researcher
216.433.3953
cameron.m.seidl@nasa.gov
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Statistics (Monthly by Year)
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Reference Attenuation Level
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Due to the absence of a radiometer the attenuation reference level is calculated using 
radiosonde observations and National Weather Prediction products. The total attenuation is 
them calculated using:
Tl(K cloud RAOBS vertical profiles ECMWF Rafnfa ll data Calibrated attenuation data 
detection of P-RH-T vertical proflles (rain gauge and iii' 
model (MIiano Unate airport) of P-RH-T dlsdrometer) ~ 10 --Ka band 
C: 
--Qband 
.Q 
iii 5 ::, 
C: 
Identification of 4) :t:: 
cloudy ascents rainy periods <{ 0 
100 105 110 115 120 
Time r#1 GMJ)i D1s ro eter ta 
Refence attenuation levels Received power '.2 0.4 
(clear sky conditlons) levels (beacon data) 
--E §. 
Data callbratlon 
2 0.2 
«I 
... 
. s 
«I 
a:: 0 Time series of total 
atmospheric attenuation 100 105 110 115 120 
(calibrated beacon data) Time (h GMT) 
19.701 GHz
0.015 m
19.50 dBW
38600 km
0.5 dB
0.0 dB
0.0 dB
0.0 dB
210.06 dB
Antenna Diameter 1.2 m
Illumination Taper Factor 70 deg
Half Power Beamwidth 0.888 deg
Antenna Efficiency 60 %
Antenna Gain 45.66 dB
Noise Temperature Contributions:
Cosmic Background Noise Temperature 2.8 K
Atmosphere Physical Temperature 290 K
Antenna Noise Temperature (Clear Sky) 34.03 K
Antenna Noise Temperature (Rain) 34.03 K
Receiver Noise Temperature 600 K
System Temperature 634.03 K
28.02 dBK
Boltzmann's Constant -228.60 dBW/K·Hz
Noise Spectral Density -200.58 dB
Gain over Noise Temperature Ratio (G/T) 17.63 dB/K
Received Carrier Power (C) -145.41 dBW
Carrier to Noise Density (C/N0) 55.17 dBHz
Pointing Loss
Polarization Loss
Free Space Loss
Receive Antenna Parameters
Transmitter  Receiver Range
Gaseous Absorption Loss
Rain Attenuation
Effective Isotropic Radiated Power (EIRP)
Propagation Channel Parameters
Parameter User Inputs Calculated
Frequency of Operation
Wavelength
39.402 GHz
0.008 m
26.50 dBW
38600 km
0.5 dB
0.0 dB
0.0 dB
0.0 dB
216.08 dB
Antenna Diameter 0.6 m
Illumination Taper Factor 70 deg
Half Power Beamwidth 0.888 deg
Antenna Efficiency 60 %
Antenna Gain 45.66 dB
Noise Temperature Contributions:
Cosmic Background Noise Temperature 2.8 K
Atmosphere Physical Temperature 290 K
Antenna Noise Temperature (Clear Sky) 34.03 K
Antenna Noise Temperature (Rain) 34.03 K
Receiver Noise Temperature 800 K
System Temperature 834.03 K
29.21 dBK
Boltzmann's Constant -228.60 dBW/K·Hz
Noise Spectral Density -199.39 dB
Gain over Noise Temperature Ratio (G/T) 16.44 dB/K
Received Carrier Power (C) -144.43 dBW
Carrier to Noise Density (C/N0) 54.96 dBHz
Pointing Loss
Polarization Loss
Free Space Loss
Receive Antenna Parameters
Transmitter  Receiver Range
Gaseous Absorption Loss
Rain Attenuation
Effective Isotropic Radiated Power (EIRP)
Propagation Channel Parameters
Parameter User Inputs Calculated
Frequency of Operation
Wavelength
19.701 GHz Beacon 39.402 GHz Beacon
Link Budgets
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